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We have previously reported the construction of a food-grade cloning vector for Lactococcus using the ochre 
suppressor, supB. as the selective marker. This vector, pFGl, causes only a slight growth inhibition in the 
laborator> strain MG1363 but is unstable in the industrial strains tested. As supB suppresses both amber and 
ochre slop codons, which are present in 82% of all known laciococcal genes, this undesirable hnding may result 
from the accumulation of elongated mistranslated polypeptides. Here, we report the development of a new 
food-grade cloning vector, pFG200, which is suitable for overexpressing a variety of genes in industrial strains 
iil Lactococcus lactis. The vector uses an amber suppressor, supD, as selectable marker and consists entirely of 
Lactococcus DNA. with the exception of a small polylinker region. Using suppressible pyrimidine auxotrophs, 

selectiorr^nd"maintenance'are-efficient"in~any-pyrimi 

presence of this vector in a variety of industrial strains has no significant effect on the growth rate or the rate 
of acidification in milk, making this an ideal system for food-grade modification of industrially relevant L. lactis 
strains. The usefulness of this system is demonstrated by overexpressing the pepN gene in a number of 
industrial backgrounds. 



Lactococcus lactis is an imporiani organism for the dairy 
industry, v^here it is used for the production of many cheese 
varieties as well as cultured milk products such as buttermilk, 
Lactococcus contributes to the successful manufacture of these 
products through the production of lactic acid and a variety of 
flavor components. While excellent industrial strains do exist, 
there is a constant desire in the dairy industry for strains with 
improved properties. One useful method for strain improve- 
ment is genetic engineering, provided, of course, that the ge- 
netic modifications are food grade (10). A number of charac- 
teristics, such as flavor and acid production, bacteriophage 
resistance, proteolytic activity, and the autolytic properties of 
strains, can be improved by overexpressing the relevant genes 
(3, 4, 5. 10). A simple method for overexpressing a gene is to 
transfer it to a multicopy cloning vector. 

We have previously described the construction of a food- 
grade cloning vector for Lactococcus (5). This vector, pFGl. 
uses an ochre suppressor gene, supB, as the selectable marker. 
It exists in five to nine copies in the cell and has allowed the 
overexpression of several Lactococcus genes in strains derived 
from the laboratory' strain MG1363. The use of pFGl in in- 
dustrial strains of Lactococcus has not been successful, how- 
ever, due to a reduced acidification rate in strains bearing 
pFGl derivatives (unpublished results). Whereas in MG1363 
derivatives pFGl causes a slight growth inhibition, in industrial 
strains a .severe growth inhibition is seen and the vector is very 
unstable. Since an ochre suppressor suppresses both amber 
and ochre codons and S2% of Lactococcus genes terminate in 
either amber or ochre stop codons (2, 5), this growth inhibition 
is probably caused by the accumulation of elongated, mistrans- 
lated polypeptides. Based on these observations, wc have de- 
veloped a new food-grade cloning vector, pFG200. using an 
amber suppressor. supD, as a .selectable marker. supD encodes 
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an altered tRNA^'' (5) and suppresses only amber codons, 
which arc present at the ends of approximately 10% of Lacto- 
coccus genes (2). 

A powerful selection system has been constructed in parallel 
with the vector. By introducing an amber codon into the pyrF 
gene, we generated pyrimidine auxotrophs to use as host 
strains for pFG200. This marker allows the selection and main- 
tenance of pFG20U in pyrimidine-free medium. The pyrimi- 
dine content of milk is insufficient for growth of these pyrim- 
idine auxotrophs, so the selection also works in milk. 

In this paper, we demonstrate the potential of this system by 
illustrating that pFG200 is stably maintained in the host cells in 
media including milk, has virtually no impact on growth and 
acidification rates, and, finally, enables a cloned gene such as 
pepN (15) to be overexprcssed. 

.\LVrERUt-S AND METIIOUS 

Uaclerial strains and media. Sirains of i-. lactis anO Escherichia coli arc listed 
in Table I. laai.\ was grown in M17 ( Ih) or DN minimal medium (5). Er>-ih- 
romycin was used ai I p-g-ml when required. £. coli was grown in Luria-Beriani 
medium, suppiemenicd wiih ampicillin ui 50 p-y/ml when required. /jvr/-iAm> 
muianis were cultivated in Ml 7 or DN minimal medium, both with 20 ol 
uracil per ml and 4(1 ^.g dI ihymidine per ml added. Sclectiim and mainicniinee 
ol plasmids bearint; stipD in /n'rf(Am) strains were in DN minimal mediiim 
without added pyrimidines. Growth was at .VrC and was measured by monitoring 
the increase in optical density at (lOO nm. Experiments to determine the piasmid 
stabilitN' and acidification rate were carried out in reconstiiuied skim milk ( RSM) 
and pasteurized whole milk, respectively. 

Competent cells and clectropi)ration. Preparation ot competent L. {act is ceils 
in rich medium coniainini; ulvcine and electroporalion were as described prcvi- 
ouslv (S). For MGI36.1, CHCODS:. CHCC27(). and derivatives. (wt/volj 
glycine was used, while tor CHCC377 and derivatives. \ .5% {wt;voi ) glv-cine was 
used. IVrimidinc au.xotrophs were grown in medium containing 2l» jig ol uracil 
per ml and ZD m-S «>' thymidine per ml tu reduce the rrequene\' ol revert ants. 
'rranslormalii>n ul' /:. ntii was done essentially as described by Sambrook ci al. 
(U). • 

UNA puriticaliun and munipulaiimi. Sniall-.scaie plasniid preparations irom L. 
coli were by alkaline lysis, and large->cale preparijlions were with the Oiagcn 
system, t'lasmid DNA and chromosomal DNA were isolated Irom /,. Itiai\ as 
dcscribcO previously (5) with the nuKlilicaiion that 50 ul ol" 5 M NaCl was added 
he lore the phetmi e\tr;iciioij when plasmids were purilieJ. ON A sequcncini; was 
bv cvcle sequencing as rccoinniendeil b\ I'erkin-lilnier. Hie resultinu products 



1254 SORENSEN ET AL. Appi.. Environ. MicrtOBioL. 



TABLE 1. Bjcicrial strains 



Strain 


Dcscripiii>n 


Source (rercrenccj 


L lacm 






MGI3ft3 


Plasmid-frcc derivaiivc of NCDO 712 


Gasson (6) 


FA4-1.I 


Pyrimidine auxotroph (if MG1363 (CAA,,4 — TAG) 


This study 


CHCC-121U 


Pyrimidine auxotroph of MG!363 (TCT,,- — TAG) 


This studv 


CHCC377 


Industrial strain of L, laais subsp. luais (major component of a highly successful commercial culture) 


CHCC ' 


CHCC4146 


P\'rimidinc auxotroph of CHCC377 (TCT,-,7 — TAG) 


This study 


CHCC4:23 


CHCC4146(pFG200) 


This studv 


CHCC3052 


Industrial strain of L. laais subsp. laais 


CHCC 


CHCC4205 


Pv-rimidine auxotroph of CHCC4205 (TCT,,, TAG) 


This studv 


CHCC:70 


Industrial strain of L. laais subsp. laais 


CHCC 


CHCC4424 


PvTimidine auxotroph of CHCC4205 (TCT,.: -* TAG) 


This study 


£ coli DH5o 


lU-oR L-nd-M i;\rA96 hsdRIl [t^' m^*) rclAI recAl supE44 tlii-l MlacZyA'an^F)Vm/^m(.UacMlacZ)M\S 


Hanahan (7) 



" CHCC, Chr. Hansen Culture Cviilcciinn. 



were purified on Bio-Rad Mien >-Bii)-S pin -Chromatography columns bctorc be- 
ing run on an ABI PRISM 310 Gcnciic Anaiv-zcr. The primers used for sequenc- 
ing and PCRs are listed in Table 2. 

Sequendng of thc7;jrf gencrThc nucleoiidc-scqucncc ot' thc-CHGCS??-;?^!-^- — 

gene was obtained by first producing a 550-bp internal pyrF fragment via PCR 
using two degenerate primers (pyrF3 and pyrF4), which were designed based on 
amino acid sequence comparison ot the pyrF proiein.s of a number of micrixjr- 
ganisms. The fragmcni was sequenced with the .same primers. New primers 
(pyrF5 and pyrF6) were obtained bxscd on this sequence and used tor inverse 
PCR with 5flw3A I -digested DNA. giving additional sequence data. The sequence 
of the amino-terminal end ot f/yrF was completed using a degenerate primer 
designed from the sequence ofpyrD (pyrD-dgen), which is immediately upstream 
oxpyrF, and two additional primers (pyrF? and pyrF8). The carboxy-tcrminal end 
oi pyrF was sequenced using a degenerate primer (llagidB2) designed from the 
sequence of piJB, which is immediately downstream of pyrF, and pyrF6. 

Plasmid constructions. The construction of pFG2U(J is described in detail in 
Results. The pepN gene of L. laais strain Wg2 was subcloncd from pST03 (J5) 
as a 3J-kbp BamHUSacl fragment, including the promoter region, into the 
corresponding sites in the pFG200 polyl inker to generate pFG202. The promoi- 
erlcss lacLM genes were subcloncd from pAKSK (9) as a Wmdill-So/I fragment 
cither into MVtdll I -Ja/l -digested pFG2(X). generating pFG209. or into 
/fmd I II -A'/iol -digested pFC200, generating pFC208. These two plasm ids repre- 
sent the two possible orientations of tacLM in pFG2lK), 

Plasm id copy number determination. Total genomic DNAs isolated from 
fresh saturated cultures of CHCC4:i() and CHCC4210/pFG20l» grown in DN 
medium were digested with HindWX. After separation by agarose gel electro- 
phoresis, the DNA was transfered to a GeneScreen Plus nylon filter (E.l. du Pont 
dc Nemours). A 2y8-hp PCR fragment containing supD, generated u.sing the 
primers amber-3 and amber-t> with pAKy3 DNA as the template, was used as a 
hybridization probe. The probe was labeled with [a-**P|d.ATP. using the Mega- 



prime labeling kit ( Amersham), for 3 h at 37°C. Hybridization was carried out at 
WC in 6x Dcnhardt's solution and the filter was washed three limes, as de- 
scribed by Sam brook et al. ( 14). The level of -^^P in each hand was quantified with 
"an Instant f magcr ( Packard lnsirumcm Co.-).-The cop>' number of the v-ccior was- 
calculated as the ratio of counts per minute in the vector band to counts per 
minute in the chromosomal band (average of three determinations). 

Enzyme assays. Cultures were grown to saturation in DN medium. After sonica- 
tiiin. the cell extracts were used to determine cither PcpN aaivity (using l- lysine-^ 
nitroanilide [15)) or p-galactosidase activity (using f>-nitrophenyl-3-o-galactostdc 
[yj). One unit of lysine aminopcptidase will hv-drotyzc 1 nmol of ."lubstrate min '. 
3-Galactosidase activity, in Miller units, was calculated as described previously (4). 
Protein determinations were done with a Protein Assay Kit I (Bio-Rad). 

Acidificaiion rate. Evaluation of acidification rates was by measuring the pti 
following inoculation of cultures as single strains into pasteurized whole milk. 
The temperature was controlled by an automatic temperature controller, gener- 
ating a modified cheddar chee.se temperature profile. The milk had been stored 
overnight at 4 to TQ in bottles with Itosc lids, in order to ensure equal oxygen 
levels in ail bottles. The pH was measured semicnntlnuously throughout 16 h of 
incubation with an A AC data-logger from In tab A/B. Acidification curves were 
generated by the Easyview software package, version 3.2.li.4. 

NucleoUde sequence accession number. The DNA sequence of the pyrF gene 
appears in the EMBL and GcnBank nucleotide sequence data library under 
accession number AFI74425. 



RESULTS 

Sequencing and cloning of pyrF genes from industrial 
strains. The most precise way to obtain a pyrF {Am) mutant is 
10 construct the mutation in vitro via PCR (see below) and then 



TABLE 2. Primers 



Primer Sequence 
For MGI363 

Fam3 5'-.AACAGCCTAGGCCGGACTTGATGG-3' 

Fam4 5'-GTCCGGCCTAGGCTGTrTTTTGTGCG-3' 

pyrFl 5'-GCAGATCTAAGCTTGATTCAAGAAGTAAAAGAAGGC-3' 

pyrF2 5'-ATAGATCTACTCGATGCCAAGAATGGACCGC-3' 

For CHCC377 

pyrF3 5'-AAAGGCCTGTNATNGCNCrTNGAYTTYCC-3' 

pyr F4 5 ' -TGG ACG A ATTCCNG G NGT-3 ' 

pyrF5 5'-CATAGTAAACGACTTGCGC-3' 

pyiT^6 5'-TACGCA CAAA AAACCGCT-3' 

pyrF7 5'-GGTCGCCTTTACTTGCACC-3' 

pyrF8 5 ' -G ATTATATTGTTGTCCGCCC-3 ' 

pyrD-dcgn 5'-GCTCTAGAGCMWATYGWWATDGGN-3' 

llacidB: 5'-GGTNCARTGGAAYGARAARATH AAY-3' 

Fam5 5'-CCTCAACCTAGGAGAAAATTATGC-3' 

I^am6 5'-TCTCCTAGGTTGAGGTTAATTGTG-3' 

pyrD/Bglll 5'-ATAGATCTCCTTAGAAAACTTG-3' 

pyrFl l/BgHl 5'-ATAGATCTGCATCTAAGCAAAAACC-5' 
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pyrF 



Jii pAK142 



S'.ACA CAA TTA ACC TCA ACT TCT GAG AAA ATT ATG CAA-3' 
TQLTSTSEKIMQ 



BglW 
pyrD/BglW 



<- 5'.CC TCA ACC TAG GAG AAA AH ATG C • 3' 
Fam6 3'.T OTT AAT TGG AGT TGG ATC CTC T- 5* 



Fam5 



BglW 

PyrFWBglW 



PGR 

Digestion with BglW and Avh\ 
Cloning into BglW digested plC19H 



BglW 



Bgl 



pyrF amber 



pAK148 



5'-ACA CAA TTA ACC TCA ACC TAG GAG AAA ATT ATG CAA.3' 
T Q L T S T ' 

Avr\\ 

FIG. 1. Construction of a pyrF{ Am) mutation. The given example illustrates the construction made for the CHCC377 p\rF gene. Plasmid pAK142. carrying the 
entire pyrF gene, is used as template DNA in u PCR. The two overlapping primers, Fam5 and Fam6. containing the substitutions to generate an amber codon within 
an Avr\ site, were combined with a primer upstream oi pyrF (PyrD/Bglll) and u primer downstream of pyrF (PyrFII/Bglll). The two resulting PCR products were 
digested with AvrU and BglW. mixed, and cloned. The resulting plasmid, pAK148, carries the desired amber mutation in pyrF. 



to introduce the mutation into the chromosome by homologous 
recombination (10). AiiempLs to use MG1363 p\TF{ Am) DNA 
to introduce a pyrF{An)) mutation into .some industrial 
strains were unsuccessful, presumably due to insuificieni ho- 
mology between the pyrF genes of MG1363 and the indus- 
trial strains used. We determined the DNA sequence of the 
CHCC377 pyrF gene and found it to be 86% identical to that 
of MG 1363 ( 1 ). Sequencing oipyrF genes from other industrial 
strains revealed that L. laciis subsp. laais strains had sequences 
nearly identical to that of CHCC377 and that L. laciis subsp. 
cremoris strains had seauences nearlv identical to thai of 
MG1363. 

Introduction of an amber mutation into a cloned pyrF gene. 
The procedure for introduction of the mutation into the pyrF 
gene is the same for each host strain. The DNA sequence is 
searched for a serine codon that can be changed lo an amber 
codon and which is Hanked by sequences that allow the intro- 
duction of a restriction site without affecting the amino acids 
encoded by the flanking sequences. PCR is then used lo intro- 
duce the desired alterations. 

For CHCC377. the entire pyrF gene was cloned as a 1.1 -kb 
PCR fragment in plCl9H (12) to produce pAK142 (Fig. 1). 
Two overlapping PCR primers. Fam5 and Fam6. contain the 
substitutions that generate an amber codon and an AvrW re- 
striction site (Fig. 1). When Fam5 is used in combination with 
a primer upstream of/7vrr (PyrD/Bglll) and Fam6 is used with 
a downstream primer (PyrFl l/Bglll). with pAK142 as tem- 
plate DNA. two PCR products arc generated. These were 



digested with AvrW and BglW, mixed, and cloned into 5^/11- 
digesied plC19H. The resulting clone, pAK148, contains the 
/nrf gene with the desired amber mutation. Suppression of the 
amber mutation by siipD will introduce a serine residue result- 
ing in an enzyme identical to that of the parent strain. 

A similar approach was used to construct amber mutations 
in the pyrF genes of other strains. The host strain, FA4-1-1. was 
derived from MG1363 but constructed slightly dilferently to 
serve as a host for both pFGl and pFG2t)U (see below). Using 
the approach described above and in Fig. 1 with other primers 
(Table 2), an amber slop codon was introduced at gluiamine 
codon 154 in the pyrF gene. Suppression by sitpD will insert 
serine, while suppression by supB. contained on pFGl, causes 
insertion of gluiamine in the synthesized pyrF enzyme. 

Introduction of the amber mutation into the chromosome. 
The DNA fragments carrvinc the pvrF amber mutations of 
MG1363, CHCC377, and' CHCC27() were subcloned into 
pG*Hosi9 (11) to produce the plasmids pAK133. pAK149, 
and pRL202, respectively. The resulting pG"^ Host-derived vec- 
tors were then used to integrate thcamber muiaiions into the 
corresponding chromosomal pyrF genes. Strains with the de- 
sired pyrF( Am) allele are found by screening survivors i.solaied 
on M17 plates ai 30°C for their pyrimidine requirement (ID). 
The pyrF{ Am) derivatives of MG1363 were named CHCC421t) 
(serine to amber) and FA4-1-1 (gluiamine to amber). The 
p\TF{Am) derivatives of CHCa77. CHCC3()51 and CHCC27() 
were named CHCC4146, CHCC4205. and CHCC4424. respec- 
tively. 



I25h S0RENSEN ET AL. 



Appl. Environ. Microbiol. 




Construction or the food-grade vector pFG200. The con- 
struciion of pFG200 was based on the strategy previously de- 
scribed for pFGl (5). Plasm id pKR41 contains the L lactis 
subsp Jaais biovar diacetylactis citrate plasmid replicon cloned 
in pIC19H (13). PCR was performed on pAK89.1 using prim- 
ers amber-2 and amber-3 lo produce a fragmeni with EcoRl 
ends thai contains the supD gene (5). After digestion with 
EcoRl, the 347-bp PCR product was cloned into ihe£c£>RI site 
of plC19H 10 generate pAK93. Plasmids pICR41 and pAK93 
were both digested with EcoRL mixed, and ligaled. The result- 
ing ligation mixture was eieciroporated into FA4-i-l, selecting 
Pyr* transform an IS. .A.mong the plasmids obtained, approxi- 
mately half contained the citrate plasmid replicon, supD, and 
pICiyH. One of these. pMPJl()3. was used to construct 
pFG2()l). To remove all of piC19H except the polylinker, 
pMPJ103 was digested with /Y/ndlU, ligated. and transformed 
into FA4-l-i. The resulting P>t* iran.sformanis contained a 
2.15-kb plasmid, which was named pFG200 (Fig. 2). 

Electroporation of pFG200 into FA4-1-1 and^CHCC421() is 
very efficient and typically results in >U/' transformants per ^lg 
of DNA. The copy number of pFG200 was found to be 6 to 11. 
The elTiciency of transformation of CHCC4146 and derivatives 
of other industrial strains is significantly lower due to the 
dilliculiy of making good competent cells. 

Plasmid stability in milk. A fresh ovcrniizhi culture of 
CHCC4223 (CHCC4146/pFG2t)()) in minimaf medium was 
subcuUured 1:100 in RSM and incubated overnight. The re- 
sulting culture was pkiicd on Ml? plates and al.so subcullured 
!:1()0 in RSM. This procedure was repeated for Itvc consecu- 



tive days. Each outgrowth was taken to be seven generations. 
After each outgrowth, 100 single colonies were picked and 
patched onto minimal plates and minimal plates containing 
uracil to screen for plasmid-harboring cells. Plasmid prepara- 
tions were used to ensure that the isolated colonies contained 
pFG200 and had the expected plasmid profiles. No plasmid 
loss was observed after 35 generations in milk. 

Growth and acidification rates of strains harboring 
pFG200. In DN minimal medium. MG1363 and CHCC4210/ 
pFG200 grew with identical growth rates (z,,.; = 63 min), 
whereas FA4-l-l/pFG200 grew with a lower growth rate (/. - = 
77 min). The lower growth rate of FA4-l-l/pFG200 is most 
likely due to a less active PyrF enzyme in thai strain resulting 
from the amino acid substitution at position 154. 

The acidification of milk by CHCC377 and CHCC4223 
showed the high rate of acidification characteristic for 
CHCC377 (Fig. 3). This is a significant improvement over the 
pFGl system, where the acidification rates for various 
CHCC377 derivatives were considerably reduced (unpublished 
results). 

Measurement or transcriptional readthrou^h. To determine 
if there is any transcriptional readlhrough into the polylinker 
region, promotcrless lucLM (9) was cloned in both orientations 
into ihe polylinker of pFG200 and the 3-galaciosidasc activity 
was measured. A very low expression of p-galactosidase, cor- 
responding to 5 to 10 Miller units, was delected, with no 
significant diU'erence between ihe orientations, revealing little 
or no tran.scription into the polylinker. 
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Assay of lysine uminnpeptidase activity expressed from 
pFG202. The pepN gene from L. laais stniin Wg2 was cloned 
inio pFG2(J0 to ucneraic pFG2U2. Aficr elcctroporaiion into 
CHCC4210. CHCC4146. CHCC42()5, and CHCC4424. the lev- 
els of lysine aminopcpiidasc act ivi lies were determined (Table 
3). Significant increases in pcpiS' activities were seen in ail 
backgrounds. 



DISCUSSION 

. Existing food-grade cloning vectors for Laciococcus have 
been optimized for laboratory strains. Reports of their use in 
industrial strains are absent, possibly becau.se of a lack of 
success. For example, pFGi (5) has been successfully used to 
overexpress a number of genes in MG1363. but introduction of 
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TABLE 3. Ovcrcxpression of pcpN hy cloning 


into pFG2(l(l 


Strain 


Lysine aminopcpiidasc :iciiviiy 
(U/mt: oi" protein) 


Fold induction 


CHCC421(» 
CHCC42]()/pFG:02 


33*J 
2.S27 


S 


CHCC4I46 
CHCC4146/pFG2()2 


89 
1,822 


20 


CHCC4205 
CHCC4205/pFC202 


1()4 
2.302 


23 


CHCC4424 
CHCC4424/pFG202 


100 
2.304 


23 



this vector into industrial strains resulted in acidification rates 
unsuitable for industrial-scale cheese production (unpublished 
results). 

An improved food-grade cloning system for industrial strains 
of L. laais has been developed. It is based on a multicopy 
vector, pFG200 (Fig. 2), constructed without the use of DNA 
from species other than Lactococcus. It contains the replicon 
fragment of pCT113S (13). the amber suppressor supD from 
Lactococciis strain NJl (5) as the selectable marker, and a 
versatile polylinker. To select for the plasmid, we use the 
suppression of pyrimidine auxoirophs constructed by introduc- 
tion of an amber codon in the chromosomal pyrF gene (Fig. I). 
This system allows selection and maintenance of the vector in 
milk, which is essentially pyrimidine free. All the advantages of 
our previously described food-grade cloning vector. pFGl, are 
also offered by pFG200. These include (i) easy cloning of genes 
into a versatile polylinker region; (ii) a small and stable mul- 
ticopy vector which is electroporaied into Lactococcus with 
high efficiency; and (iii) a selection sy.stem allowing selection 
and maintenance in milk, which allows genetic modification, 
cloning, and overexpression of Lactococcus DNA in a food- 
grade manner. 

The orientation of a gene inserted in the polylinker of pFG I 
affects e.xpression due to a putative promoter downstream of 
supB (unpublished results). Cloning of lacLM into pFG200 in 
both orientations and measurement of p-galactosida.se activity 
showed a very iow expression, indicating the absence of signif- 
icant readthrough from either side of the polylinker. 

Full tolerance to multiple copies of supD is indicated by 
several observations. The plasmid is stably maintained in the 
host cells for more than 35 generations in media including 
milk. The growth rales of cells with and without pFG2()U in 
both defined media and milk show no differences. Likewise, 
the presence of pFC200 in important industrial starters has no 
impact on the acidification rate in milk, an important criterion 
for the usefulness of these strains in cheesemaking (Fig. 3). 

The functionality of the pFG200 system was also tested and 
demonstrated by cloning the pepN gene from strain Wg2 (15) 
into pFG200 to generate pFG202. The levels of lysine amino- 
peptidase in the various ho.st strains either with or without 
pFG202 were determined (Table 3). The endogenous level of 
lysine aminopeptidasc was found to vary froni 84 to 339 U/mg 
of protein. Introduction of pFG2()0 did not alter these endog- 
enous levels (data not shown). Thus, the level of lysine ami- 
no peptida.se encoded by the chromosomal pcpN gene is strain 
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dcpendcni (Soren Hcrskind. personal communication). In all 
strains, wc found a significant increase in lysine aminopepti- 
dasc activity when pFG202 is present, which we presume to 
result from the increased copy number oi pepN. 

Promising results have been obtained in cheese trials and 
taste tests using MC1363-dcrived strains containing pFGl de- 
rivatives harboring various aminopeptidasc genes or :he 
6vML3 lysin gene (unpublished data). We have also cloned the 
pepA,pepC, pepO, pepT, pepV, and pepX genes, as well as the 
cl>vML3 lysin gene, into pFG2U0 (unpublished results; Per Stro- 
man, personal communication) and will assess the effect of 
overexpression of these genes in industrial strains. 

The improved food-grade cloning system described here 
thus allows the overexpression of technologically relevant 
genes in industrially important strains, providing great promise 
for future food -grade genetic modifications of L. lactis. 
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